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Introduction
A socio-economic deprivation index is a measure that aims to provide an indication of socio-economic hardship and disadvantage through a synthetic value [1, 2] . It generally refers to the living conditions of the inhabitants of a given geographical/administrative area, which may be defined topographically and/or normatively (e.g., the municipality or the Census Tract) [3] [4] [5] [6] . As the index can be calculated by means of the same methodology in different areas, the population clusters obtained constitute analogous segments of different populations. Thus, comparisons can be made between the conditions of populations residing in different areas. Deprivation indexes are usually computed in order to achieve general and specific objectives. The general objective is to describe relative deprivation within a population, while specific objectives may regard many aspects of economic, social, health or political issues. As the present study focused on public health, the specific objectives can be summarized as follows:
• to obtain relative deprivation measures in order to identify critical points in the territory; • to study the association between deprivation and health outcomes; • to correct epidemiological evaluations of the association between other environmental factors and health outcomes. The socio-economic health deprivation indexes used in this project were constructed in accordance with a specific methodology that makes them particularly suitable for investigating the relationships between socio-economic inequalities and aspects of health and prevention in the population, as verified by their use in previous studies [7] [8] [9] . Our aim was to compute a specific Socio-Economic and Health Deprivation Index (SEHDI) for each of the 10 areas involved in the study by using the same methodology, in order to precisely identify the elements that characterized specific socio-economic and health differences in different populations.
Materials
Data on the demographic and socio-economic situation of the populations involved in the study were taken from the 2011 ISTAT Census of Population and Housing (2001 for Rome municipality). We considered all variables made available publicly by ISTAT on its website [10] (a total of 152), plus a set of variables made available ad hoc for this study (a total of 24). The complete list is presented in Table S1 , in the Supplementary Materials section of this article. For the 10 geographical areas participating in the study (municipalities of Cagliari, Ferrara, Florence, Foggia, Genoa, Rome, Palermo, Sassari, Siena, and the ULSS 7 Veneto area) all the variables were considered at Census Tract (CT) level. The maps used to produce a geographical representation of the indexes were taken from the ISTAT website in shapefile format; the reference system for representing the coordinates is the ED 1950 UTM Zone 32n [10] . To select the ISTAT variables composing the SEHDIs, we collected data on observed deaths due to all causes, at the CT level, in the 5-year period centered around 2011 (year of the Census; 2001 for Rome municipality), i.e. the period 2009-2013. To validate the SEHDIs, we collected data on observed deaths (again at the CT level), broken down according to the main causes and to causes concerning the respiratory system (particularly relevant for the study) in the 5-year period 2009-2013. The complete list is shown in Table I , in which the observation periods and any local changes in these (depending on local updating of mortality data) are also indicated. Collection of mortality data was enabled by collaboration among Municipalities, Regional Statistical Offices and, where present, Regional Mortality Registries. In some areas, ICD-9 codes were assigned to mortality data; these codes were then translated into ICD-10 codes.
Table I also reports the correspondence between the two coding revisions. Some Operating Units adopted slightly different observation periods, depending on the availability of the data. However, it was deemed that these differences would not compromise the reliability of the final result, as they were always close to the period in which the demographic and socio-economic data of the Census were gathered.
Methods
To construct the SEHDI, a consolidated method was implemented in every area [4] ; this used a combination of bivariate and multivariate statistical techniques [11] . The variables from the Census were first examined in order to eliminate any outliers in the data; they were then converted into percentages of the total population. Subsequently, all the percentages obtained were correlated with the general mortality rate in each area, standardized by age on a regional basis (Standard Mortality Rates -SMR). Correlations were computed by means of the Pearson correlation index, with the statistical significance of the correlation being set at p < 0.05. After this procedure, only the variables that were statistically significantly correlated with the SMRs were considered. A tolerance test of linearity was applied (statistical significance at p < 0.05), in order to eliminate all the ISTAT variables that were excessively collinear (level of tolerance p < 0.001) [11] . A Principal Component factor Analysis (PCA) was then carried out on the variables selected (with varimax rotation of the components, in order to orthogonalize them and make them independent of each other). Only components with eigenvalues ≥ 1 were considered [11] . These components expressed a substantial part of the variance, i.e. the variability of the distribution of the socio-demographic characteristics of the population observed, and were therefore the basic elements for the final computation of the SEHDI. The SEHDI was calculated as a linear combination of factors coming from the PCA. The variable obtained was then recalculated by applying values from 0 (= maximum deprivation) to 100 (= minimum deprivation). The index was obviously computed at the CT level for each of the 10 areas involved in the study. The quantitative SEHDI was then converted into an ordinal variable that expressed deprivation in the population groups. To maintain the criterion of the normal distribution of inequality in the population [12, 13] , the Agnelli, Cadeiras, Tabak, Turner and Vander-Eijden algorithm [14] was applied. By this classification, the deprivation groups presented an almost normally distributed number of people across the groups (statistical significance at p < 0.05). These groups were: 1 = high deprivation; 2 = medium-high deprivation; 3 = medium deprivation; 4 = medium-low deprivation; 5 = low deprivation. The ordinal index thus obtained was validated: i) at the socio-economic level, by comparing it with the trends of the synthetic socio-economic indexes used in the 2011 Census (old-age index, structural dependency index, turnover index, activity rate, employment and unemployment rates; the same 2001 indexes for Rome municipality); and ii) at the health level, by comparison with the available data on causes of death.
In both comparisons, One-Way ANOVA was used with the F test and linearity test (p < 0.05) [11] , in order to assess whether the trends yielded by the ordinal version of the index corresponded adequately to what is known in the literature on the relationships between socioeconomic inequalities and causes of death. In addition to obtaining an adequate validation of all the indices, this procedure also yielded a fairly detailed evaluation of the state of health of the populations involved in the study.
The statistical analyses were conducted by means of SPSS 19.0 and STATA 13.0 software.
Results
For the 10 areas considered, a specific SEHDI was computed. In accordance with the methodology used, each local index comprised variables that focused on specific aspects of socio-economic and health deprivation at the local level. Table II reports the composition of each index. On PCA, all the indices showed a good percentage of explained variance (from 72.2% to 49.1%), indicating an adequate ability to describe the distribution of deprivation in the population studied. Moreover, in every area, the validation procedures showed a good linear distribution of the main ISTAT socio-economic indexes and of overall mortality; this is in line with the hypothesis underlying this computation method and with the scientific literature on the relationships among the deprivation, general socio-economic condition and health status of a population (Tabs. IIIa, IIIb). Several analyses were carried out in order to investigate the association between the SEHDI and cause-specific mortality, mainly as a validation tool. In some cases, the findings were discussed in detail by some of the other groups participating in the study (data not shown). Finally, Table IV reports the distribution of the population in deprivation clusters in every area.
Discussion and conclusions
The indexes calculated in this study cannot be considered "pure" socio-economic deprivation indexes, because they use standardized general mortality as the very first tool for the selection of the Census variables. Indeed, only variables that correlated with overall mortality were included in the indexes. However, they enabled SE inequalities across the different deprivation groups to be assessed, even though connected to their health status. For example (Tab. II), some aspects that are common to every area distinguish subjects mainly on the basis of their need for social and practical support, and thus, the family structure that may help or hinder prevention or care patterns and the implementation of a healthy lifestyle [15] [16] [17] . Other characteristics, such as educational level and/or housing conditions, display a differential impact on stratification by socio-economic conditions from area to area (i.e., they express more or less variance) according to the specific situation of the labor market, of the housing market etc. These peculiarities makes the SEHDI particularly suitable for studying the relationship between socio-economic and health aspects (of care, prevention, etc.) in a population (which was exactly the objective of this project). They are therefore indexes that could be defined as "purpose-built" [3] [4] [5] [6] .
Another important feature that enables them to describe the peculiarities of a specific area efficiently is their territorial detail: the Italian CTs are usually small in demographic terms (around 800 people on average). This characteristic allows us to consider the smallest available area of officially validated demographic and socioeconomic information and, at the same time, an area small enough to be able to describe the reference context attributable to individual patients [5, 6] , i.e. every person can be described by the demographic and socio-economic characteristics of his/her CT of residence, with a low risk of ecological bias [5, 6] . Starting from these latter considerations, the SEHDI showed:
• good descriptive ability to identify the relevant elements of socio-economic inequalities that impact on the health conditions of the different populations involved in the study; • good ability to describe health problems related to some causes of death that are particularly relevant to socio-economic differences, in which the aspects of family and social support structure are also relevant; • good description of the characteristics that underlie the differences in VC across the different deprivation groups. From a public health perspective, these results are very relevant, as they enable interventions of health promotion and prevention to be oriented on the basis of the characteristics that define the deprivation groups. However, there are two limits to this procedure. The first is the potential ecological bias, albeit reduced owing to the small dimensions of the Italian CTs [2, 6] . Indeed, studies that apply synthetic multi-factorial descriptions of small geographical areas to single individuals must be evaluated in the light of good knowledge of the areas considered, in order to avoid mis-attribution of peculiarities and, consequently, any misdirected health and social policy. From this point of view, it must be remembered that local indicators, such these, are tools useful only to local policy-makers, who should have a good knowledge of the area they administer. The second limit is more of a characteristic of these indexes than a flaw: in interpreting the territorial descripTab. IV. Population distribution by SEHDI cluster.
tion yielded by this method, it must be borne in mind that the concept of deprivation extends to social and health aspects, and does not only concern mere material deprivation [4, [7] [8] [9] . This implies that the interpretation must consider aspects linked to the social support and cultural resources that people can count on in order to understand messages, specifically prevention messages, to adopt good practices and correct lifestyles, early terapeutic actions in charge etc. Bearing in mind these two limitations can improve the role of these local indices in guiding interventions and using resources more efficiently.
